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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAII^IS 



[aaim(s)] 

[Claim 1] The ceramic heater characterized by the above-mentioned heating element 
pattern consisting of a refractory metal containing 10% of the weight or more of a rhenium 
(Re) in the ceramic heater which laid the heating element pattern of a refractory metal 
underground into the ceramic sintered compact which uses an alumina as a principal 
component. 

[Claim 2] The ceramic heater according to claim 1 which a heating element pattern 
becomes from the refractory metal containing the rhenium (Re) exceeding 30 % of the 
weight. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the ceramic heater suitable for being 
continuously used at an elevated temperature for a long period of time the ceramic heater 
which laid the heating element pattern of a refractory metal underground into the ceramic 
sintered compact, especially for [ which an internal combustion engine's exhaust pipe is 
equipped with, and detect the oxygen density in exhaust gas ] heating of an oxygen 
sensor. 
[0002] 

[Description of the Prior Art] Conventionally, the laminating of the heating element pattern 
formed for example, by the paste print processes of the alumina base material which is not 
calcinated [ the ] and a refractory metal (W), for example, a tungsten, and the green sheet 
of an alumina is carried out in the sequence, using an alumina (aluminum 203) as a 
ceramic base material, and the ceramic heater which it really comes to calcinate is known. 
In this case, a green sheet serves as a protective layer of an exoergic pattern after baking. 
[0003] However, a crack occurs in a protective layer, in being the worst, it collapses, and it 
has the problem to which a heater life falls while resistance of a heating element increases 
and a heating element disconnects this kind of ceramic heater, when it is used for heating 
of the oxygen sensor exposed to an elevated temperature for a long period of time. In this 
case, near [ near the cathode of a heating element in appearance ] the exoergic section 
became blackish, and the so-called black-ized phenomenon is produced. 
[0004] For this reason, although maintaining an endurance life by detecting a service 
condition, and energizing only when required is performed, the new life fall cause by failure 
of a detection means etc. is produced, and it cannot become a fundamental solution except 
that the detection means and the energization control means are needed separately and 
equipment is complicated. 
[0005] 

[Problem(s) to be Solved by the Invention] In this invention, external grant of a means was 
not needed separately but it aimed at offering the ceramic heater which can protract a 
heater life by amelioration of the ceramic heater itself. 

[0006] this invention person analyzed the ceramic heater degradation factor when standing 
on such a standpoint and being first used under an elevated temperature, and considered 
the mechanism of the open-circuit phenomenon of a ceramic heater conventionally. The 
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result is as follows as already indicated by JP4-225087,A. 

[0007] Rrst, the result of EPMA (elemental analysis) about the condition after open-circuit 
generating of a ceramic heater Is conventionally shown in drawing 4 (A) and (B) typically. 
(Moreover, a ceramic heater Is energized by carrying out continuation impression by direct- 
current 17V among a 1000-degree C atmospheric-air ambient atmosphere, and the result 
of having investigated the resistance value change of a heating element is shown in 
drawing 5 . Phenomenon **, **, and ** of a degree were accepted from these results. 
** The part of the exoergic section of a cathode side near the cathode of a heating 
element. I.e., the 1st pattern, (PNl) should be changing from white (usual color of an 
alumina) black locally. 

** The part of the exoergic section of an anode plate side near the anode plate of a 
heating element, i.e., the 1st pattern, (PPl) has produced the crack locally. 
** Resistance of the 1st pattern (PPl) section of an anode plate side of a heating element 
should be increasing remarkably as compared with the 2nd and 3rd pattern section of an 
anode plate side. 

[0008] The theoretical consideration for solving the above-mentioned phenomenon is as 
follows. The metallic oxide of the versatility [ base material / which constitutes a ceramic 
heater / alumina ] as a sintering promotion component besides the alumina as a principal 
component contains, and is sintered, and these metallic oxides exist as a glass phase of an 
alumina grain boundary in a sintered compact. If the galvanization of such a ceramic 
heater is carried out under an elevated temperature, while the magnesium (l^g) and the 
calcium (calcium) atom which exist in a glass phase will serve as a cation and will move to 
a cathode side. In order that the oxygen (O) atom which exists near this component may 
maintain electrical neutrality, it becomes oxygen ion and moves to an anode plate side. 
Therefore, magnesium and a calcium component deposit near a cathode terminal as a 
simple substance or an oxide, and black-ization of the part is brought about. That is, it is 
thought that the flux component in the glass phase of an alumina grain boundary receives 
electrolysis by direct-current impression [phenomenon **]. r»1oreover, a heating element 
ingredient, for example, a tungsten, oxidizes with the oxygen ion which moved to the 
anode plate side, and the resistance of the part is increased [phenomenon **]. Moreover, 
by this oxidation reaction, in volume expansion, while producing an open circuit In a lifting 
and a heating element, stress joins a protective layer, and a heating element produces a 
crack [phenomenon **]. In addition, for the oxidized heating element Ingredient, that part 
is a protective layer and [phenomenon **] which it moves [ ** ] to the external world 
further and increases the resistance of a heating element also in this semantics by 
diffusion. Then, if such a ceramic heater continues being exposed to an elevated 
temperature, by the open air oxygen which invaded from the crack of a protective layer, a 
heating element ingredient will oxidize explosively and much more volume expansion will 
be resulted in a lifting, exfoliation of a protective layer, and collapse. 
[0009] That is. It came to be thought that the main point of the open-circuit mechanism of 
a heating element is for a heating element ingredient (W), for example, a tungsten, to 
oxidize by migration by the side of the high potential of oxygen ion. 
[0010] 

[Means for Solving the Problem] That is, based on the consideration result of the 
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mechanism of the above-mentioned heater open circuit, this invention person etc. hit on an 
idea of adding the rhenium which was moreover excellent in oxidation resistance with the 
refractory metal to a heating element so that he may control effectively oxidation of a 
heating element ingredient, for example, a tungsten. In addition, addition of the rhenium 
to a tungsten is previously set to JP,63-35895,B. Although the technique of adjusting the 
specific resistance of exotherm in the increment direction, and raising the exoergic 
effectiveness of a glow plug by adding a rhenium five to 30% of the weight to the 
exotherm of the refractory metal inside a ceramic glow plug is indicated When this 
invention person etc. repeats research and the addition of a rhenium is 10 % of the weight 
or more so that he may achieve the improvement in a life of the ceramic heater which uses 
an alumina as a principal component paying attention to the oxidation resistance which was 
excellent in the rhenium. The life of the above-mentioned ceramic heater improved 
remarkably, and it found out that it was moreover satisfied also about a heat-resistant 
Impact. 

[0011] That is, this invention is a ceramic heater characterized by a heating element 
pattern containing 10% of the weight or more of a rhenium in the ceramic heater which 
laid the exoergic pattern of a refractory metal underground into the ceramic sintered 
compact which uses an alumina as a principal component. 

[0012] This invention may make it put side by side out of a heater element, as long as it 
has the description, other elements, for example, sensor component element. 
[0013] The alumina as a principal component is desirable in order that that they are 10 
micrometers or less of diameters of average crystal grain and 94% or more of relative 
theoretical density may consider as the elevated-temperature high intensity ingredient 
excellent in the heat-conduction property. 

[0014] As the configuration, the thing of a cylinder, tabular, and tubular ****** can be 
used for the base material which can be preferably used in the ceramic heater of this 
invention according to a heated object, for example, the situation of a sensor, and 
elevated-temperature high intensity ceramics, such as alumina similar ceramics, such as a 
mullite besides an alumina and a spinel, can be used for it as the quality of the material. 
Moreover, the green sheet of the ceramic which uses as a principal component the alumina 
which can be used preferably [ when a base material is used ] is carried out arrangement 
and a laminating so that a pattern may be included, it raises the junction nature of a base 
material and a pattern, and protects the pattern of a refractory metal under hot 
environments. 

[0015] A heating element pattern constitutes a rhenium (Re) from a refractory metal 
ingredient with which 10 % of the weight or more is contained, and the remainder consists 
of refractory metals, such as a tungsten (W) and molybdenum (Mo), substantially, or a 
refractory metal ingredient which consists of a rhenium substantially according to this 
invention. In addition, unless it has a bad influence on a resistive characteristic, an oxide 
etc. is made to exist a little and a peach is good. Although connection between the 
exoergic section of high resistance and a power source is presented with a heating element 
pattern, and it consists of a connection which is formed in wide rather than the exoergic 
section, and Is comparatively made into low resistance here in many cases and the 
exoergic section is formed in predetermined magnitude and a configuration according to 
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the situation of lieated objects, such as a sensor, the distinction with the exoergic section 
and connection is not strict here. In addition, in this invention, even if the temperature by 
the side of the terminal of the heating element patterns replaces and forms with refractory 
metal ingredients, such as an ingredient which is different from the refractory metal 
ingredient of the exoergic section of a heating element pattern in the refractory metal 
ingredient of the part kept comparatively low to stability, for example, the tungsten which 
does not contain a rhenium, it does not interfere. 

[0016] It will be as follows if it illustrates about a process. What carried out wet blending of 
the powder which consists of a principal component alumina as a raw material is prepared. 
In order to consider as a precise elevated-temperature high intensity object, as powder, 
the high grade powder of 90% or more of purity is used, and the particle size is set to 2 
micrometers or less. In addition, a sintering promotion component (Si02), i.e., a silica, a 
magnesia (MgO), calcia (CaO), ber/llia (B-2 03), etc. may be blended In a baking process 
as an oxide, as a result the thing which can serve as the predetermined network structure, 
for example, a hydroxide, and salts (for example, carbonate etc.). 
[0017] Shaping of combination powder can be performed by various approaches, such as 
pressing (for example, ****** shaping, doctor blade shaping) and extrusion molding. A 
predetermined solvent, a predetermined binder, etc. are blended timely in shaping. 
[0018] Although formation of a heating element pattern can take various means, such as 
plating, the gaseous-phase depositing method, for example, sputtering, and vacuum 
evaporationo, especially, it carries out printing formation of the metal paste by screen- 
stencil on the 1st green sheet at the thick-film pattern of a predetermined configuration, 
sticks the 2nd green sheet to the pattern printing side side of this green sheet by pressure 
in piles, and covers a heating element pattern, pattern covering and the layered product of 
the above when using a base ~ with, it is good to make it present junction into a base 
material ingredient. It is because there is a possibility of mutual adhesion becoming 
inadequate and causing the cause of oxidation of a heating element component based on 
pore generating (cause of an open circuit) when a pattern is joined to a direct base 
material. 

[0019] As for sintering, it is desirable to carry out coincidence baking in order to raise a 
base material and the mutual adhesion of each class. As the sintering approach, various 
things, such as mold pressurization (H.P., HIP) sintering, ambient atmosphere pressure 
sintering, and reaction sintering, can be adopted, and the sintering temperature is good to 
choose from the range of 1450-1600 degrees C. Ambient atmospheres may be any of inert 
gas (for example, Ar and N2), an oxidizing atmosphere (for example, atmospheric air), and 
reducing atmosphere (for example, H2). 

[0020] In this way, the obtained ceramic heater carries out metallizing processing of near 
the end which the connection of the heating element pattern exposes, forms the terminal 
section, and enables it to connect the lead wire from a power source for example, by low 
attachment. 

[0021] Especially the ceramic heater of this invention is suitable as a heater for heating an 
internal combustion engine's oxygen sensor for Air Fuel Ratio Control used under an 
elevated temperature for a long period of time. In this case, as for a ceramic heater, it Is 
needless to say that it forms in the shape of a rod, and you may insert into the centrum of 
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a test tube mold solid electrolyte oxygen sensor component, it may form in tabular, and 
you may attach to a tabular oxygen sensor component, and a sensor component may be 
incorporated and used for between in a ceramic heater (for example, a base material and a 
green sheet). 
[0022] 

[Function] The rhenium added by the heating element pattern of a ceramic heater While 
raising notably the life of the ceramic heater which controls notably oxidation of the 
refractory metal by the mechanism as above-mentioned, and is put to high temperature for 
a long period of time The coefficient of thermal expansion is a tungsten :4.8xlO-6/degree-C 
rhenium, when a tungsten is taken for an example. : Compared with 7.2xl0-6/degree C 
and a tungsten, are large. The coefficient of thermal expansion of the alumina which is a 
base material: Since it is close to 7.8xl0-6/degree C, there is little generating of the stress 
by the cubical-expansion difference, and it is hard to generate a crack. 
[0023] 

[Example] Hereafter, the example of this invention is explained with reference to drawing 
1 . drawing 2 , and drawing 3 R> 3. 

(a) Dehydration desiccation was carried out, after it blended the calcia powder of the mean 
particle diameter of 2 micrometers, the silica powder of 98% of purity, the mean particle 
diameter of 2 micrometers, the magnesia powder of 90% of purity, the mean particle 
diameter of 2 micrometers, and 93% of purity at a rate of 97.2:2.5:0.1:0.1 and it carried 
out wet blending with the ball mill for 20 to 60 hours as the mixed mean particle diameter 
of 1.5 micrometers of raw material powder, the alumina powder of 99.9% of purity, and a 
sintering accelerator. 

[0024] (b) 10% of water was added and kneaded MAKUSERON (trade name) 15% methyl 
cellulose 1% to the combination powder obtained with the creation above (a) of a base 
material. Next, it fabricated by the extrusion method in the shape of a cylinder, and after 
cutting in a predetermined dimension, temporary quenching was carried out at 1200 
degrees C, and the base material 11 with an outer diameter of about 2.3mm was obtained. 

[0025] (c) DBP4%, methyl-ethyl-ketone, and toluene 70% was added polyvinyl-butyral 8% 
to the combination powder obtained with the manufacture above (a) of the 1st green sheet 
12, the 2nd green sheet 13, and the heating element pattern 14, and it mixed with the ball 
mill, and considered as the shape of a slurry. The 1st green sheet 12 with a thickness of 
0.2-0.4mm was made with the doctor blade method after reduced pressure degassing. 
Next, the paste which carried out mixed adjustment of a rhenium and the tungsten at a 
various rate was screen-stenciled to 10-30 micrometers by thick film printing, and the 
heating element pattern 14 of a predetermined configuration was formed in the front face 
of this sheet 12. Furthermore, the 2nd green sheet 13 with a thickness of 0.05mm which it 
comes to fabricate by the same approach as the 1st green sheet was stuck to this printing 
front face by pressure. In addition, a through hole 121-121, the terminal strapping section 
122-122, and a terminal area 123-123 are formed in the predetermined location of the 1st 
green sheet 12 by restoration thru/or printing of the above-mentioned paste. 
[0026] (d) the combination powder obtained above (a) on the 2nd green sheet side front 
face of the layered product obtained with the unification above (c) with a base material 11 
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and the layered product of the 1st green sheet 12, the heating element pattern 14, and the 
2nd green sheet 13 - polyvinyl-butyral 25% and DBP8% and gold [ a butyl rib ] - the 
paste which comes to add 30% was applied. Next, as junction to a base material was 
presented with this spreading side, the green sheet etc. was twisted around the perimeter 
of a base material 11, and pressurization adhesion was carried out. Next, after carrying out 
resin omission at 250 degrees C, it calcinated at 1500-1600 degrees C in the hydrogen 
furnace ambient atmosphere, and the ceramic heater 16 by which unification sintering was 
carried out was obtained. 

[0027] In addition, nickel plating of the terminal area 123-123 of this ceramic heater 16 
was carried out, and the lead wire-drawing delivery volume terminal line 15-15 was joined 
using low material. 

[0028] In this way, nine kinds (inside and two kinds are an example of a comparison) 
which changed variously the content (remainder tungsten) of the rhenium of a pattern 
metallic material for the manufactured ceramic heater 16 from zero % to 100% were 
prepared. In addition, the resistance of a pattern was adjusted to about 3.5 ohms (20 
degrees C) by mainly adjusting the linear density of the exoergic section of a heating 
element pattern. Two steps of elevated-temperature durability tests were carried out using 
these ceramic heaters. The main elevated-temperature durability test as 1st elevated- 
temperature durability test was carried out by performing continuation energization of 
direct-current 17V under a 850-degree C atmospherlc-air heating ambient atmosphere till 
1000 hours, and measuring the rate of a heating element pattern resistance value change 
in the meantime [(initial resistance of resistance-in durability) the initial resistance of/]. 
The result is shown in drawing 2 R> 2. It is admitted a passage clear from drawing 2 that 
the ceramic heater (within the limits of this invention) of the example which contained the 
rhenium 10% of the weight or more has little aging of resistance notably compared with 
the thing of the example of a comparison (this invention is out of range). 
[0029] The reference-elevated-temperature durability test as 2nd elevated-temperature 
durability test shows the result of having performed continuation energization of direct- 
current 17V till 350 hours as a 1000-degree C elevated temperature which expected 
insurance for the temperature of an atmospheric-air heating ambient atmosphere more, 
and having conducted the same investigation as the case of the main elevated-temperature 
durability test, below to drawing 3 . It is admitted by ******(ing) 30 % of the weight of 
rheniums especially a passage clear from drawing 3 that the resistance of a heating 
element pattern is well stable in addition under a 1000-degree C elevated-temperature 
ambient atmosphere. 
[0030] 

[Effect] Since there is little fear of the crack initiation of the ceramic resulting from the 
differential thermal expansion of the pattern and ceramic containing a heating element 
pattern, and it excels also in thermal shock nature and the specific resistance of a heating 
element pattern serves as size even if it can maintain a heating property with them, and it 
excels in endurance, even if especially the ceramic heater of this invention is put to the 
bottom of an elevated temperature like the above for a long period of time> and put to a 
rapid temperature change, the remarkable effectiveness referred to as being able to 
miniaturize a heater is done so. [ there are few changes in resistance and stable ] It is 
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useful as a ceramic heater as which a miniaturization and durable stability of the heater for 
oxygen sensor heating etc. are required especially. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view with which explanation of the manufacture process 

of the ceramic heater which is the example of this invention is presented. 

[Drawing 2] It is drawing showing the result of the 1st elevated-temperature durability test 

(the main elevated-temperature durability test) of the ceramic heater which is the example 

of this invention with the result of the example of a comparison. 

[Drawing 3] It is drawing showing the result of the 2nd elevated-temperature durability 

test (reference-elevated-temperature durability test) of the ceramic heater which is the 

example of this invention with the result of the example of a comparison. 

[Drawing 4] It is drawing showing the condition after heating element open-circuit 

phenomenon generating by the conventional ceramic heater. 

[Drawing 5] It is drawing showing the resistance value-change situation of a heating 

element pattern while resulting in heating element open-circuit phenomenon generating by 

the conventional ceramic heater. 

[Description of Notations] 

14 Heating Element Pattern 

16 Ceramic HITA 



[Translation done.] 
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